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Adoption and maintenance of gym-based
strength training in the community setting
in adults with excess weight or type 2
diabetes: a randomized controlled trial
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and David W. Dunstan1,2,3,4,5
Abstract
Background: Participant adoption and maintenance is a major challenge in strength training (ST) programs in the
community-setting. In adults who were overweight or with type 2 diabetes (T2DM), the aim of this study was to
compare the effectiveness of a standard ST program (SST) to an enhanced program (EST) on the adoption and
maintenance of ST and cardio-metabolic risk factors and muscle strength.
Methods: A 12-month cluster-randomized controlled trial consisting of a 6-month adoption phase followed by a
6-month maintenance phase. In 2008–2009, men and women aged 40–75 years (n = 318) with T2DM (n = 117) or a
BMI >25 (n = 201) who had not participated in ST previously were randomized into either a SST or an EST program
(which included additional motivationally-tailored behavioral counselling). Adoption and maintenance were defined
as undertaking ≥ 3 weekly gym-based exercise sessions during the first 6-months and from 6–12 months
respectively and were assessed using a modified version of the CHAMPS(Community Healthy Activity Models
Program for Seniors) instrument.
Results: Relative to the SST group, the adjusted odds ratio (OR) of adopting ST for all participants in the EST group
was 3.3 (95 %CI 1.2 to 9.4). In stratified analyses including only those with T2DM, relative to the SST group, the
adjusted ORof adopting ST in the EST group was 8.2 (95 % CI 1.5–45.5). No significant between-group differences
were observed for maintenance of ST in either pooled or stratified analyses. In those with T2DM, there was a
significant reduction in HbA1c in the EST compared to SST group during the adoption phase (net difference,
-0.13 % [-0.26 to -0.01]), which persisted after 12-months (-0.17 % [-0.3 to -0.05]).
Conclusions: A behaviorally-focused community-based EST intervention was more effective than a SST program for
the adoption of ST in adults with excess weight or T2DM and led to greater improvements in glycemic control in
those with T2DM.
Trial registration: Registered at ACTRN12611000695909 (Date registered 7/7/2011).
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Background
Strength training (ST) or progressive resistance training
has been shown to be a safe and effective treatment strategy
for improving glycemic control in people with or at risk of
type 2 diabetes (T2DM) [1–4], including those who are
overweight [1]. In recognition of the benefits of strength
training, a community-based ST program, termed ‘Lift for
Life’®(http://www.liftforlife.com.au), has been implemented
in Australia for adults with T2DM and those with certain
risk factors (e.g. overweight/obese). The ‘Lift for Life’®pro-
gram has been employed within existing community health
and fitness facilities through the development of a network
of accredited providers in Australian cities.
It is estimated that 64 % of overweight adults [5] and
60 % of adults with T2DM in Australia [6] and the US
[7] are not sufficiently active, which is considerably more
than the general population [8] despite reports showing
few differences in reported barriers to physical activity
between those with and without abnormal glucose me-
tabolism [9]. Long-term maintenance of physical activity
is paramount to sustain improvements in glycemic con-
trol; however, promoting the adoption and maintenance
of ST programs has been identified as a major challenge
[2]. Thus, there is a need for research to identify effect-
ive approaches to optimise adoption and maintenance to
community-based ST programs for people with or at
risk of T2DM [10].
Studies in older adults have shown that matching an
intervention to a participant’s level of motivational readi-
ness [11] is more effective for increasing and maintain-
ing physical activity levels than a one-treatment-fits-all
approach [12]. Further, studies in overweight adults [13]
and adults with T2DM [14, 15] have shown that inter-
ventions involving physical activity counselling, based on
principles from the social cognitive theory (SCT) [16]
(e.g. social support and self-efficacy) are more effective
for promoting and maintaining physical activity levels
than usual care treatment. Thus the current study drew
on the Lift for Life®ST model and the theoretical frame-
work of the SCT [17], as well as principles of the stage
of readiness for behavior change [11]. In adults who
were overweight or with T2DM, the aim of this study
was to compare the effectiveness of a Standard group-
based ST (SST) program to an Enhanced ST (EST) pro-
gram (i.e. standard ST plus the addition of behavioral
counselling) in regards to: 1) adoption and maintenance
of ST; and 2) long-term changes in cardio-metabolic risk
factors (adiposity), muscle strength and glycemic control.
For the purpose of this study, adoption was defined as
participating in the Lift for Life ®regular ST program at
least 3 times per week during the first 6-months, whilst
maintenance was defined as ongoing participation (at
least 3 sessions per week) in the program from 6–12
months.
Methods
Study design
This was a 12-month cluster-randomized controlled
trial, termed Strength TRaining ONGoing (STRONG
study), comprising a 6-month adoption phase followed
by a 6-month maintenance phase. Repeated assessments
were performed at baseline, 6- and 12-months. A conveni-
ence sample of health and fitness centres from across
metropolitan Melbourne and Geelong, Victoria Australia
(n = 14) were approached and agreed to provide access to
their leisure facility for the ST program (based on the com-
mercial Lift for Life program®) to be undertaken by partici-
pants enrolled in the study at a reduced cost (range
$36–$60 per month). Qualified exercise training staff were
recruited for the STRONG program and were responsible
for overseeing the exercise intervention. A cluster rando-
mised approach was used to minimise the potential for
contamination across individuals within centres. The study
was approved by the Deakin University Ethics Committee
and by the Baker IDI Heart and Diabetes Institute Ethics
Committee.
Participants
In accordance with the target audience of the Lift for Life
program®, men and women aged 40–75 years old who
had T2DM (>3-months) and not currently performing
ST were recruited. Due to initial recruitment difficulties,
the target group was expanded to also include those
who were classified as being overweight [BMI >25]) and
not currently performing ST, on the grounds that being
overweight is recognised as a major risk factor for devel-
oping T2DM [18]. Multiple recruitment methods were
used to identify participants, including a local letterbox
drop incorporating a flyer advertising the research pro-
ject; a launch at each facility; advertisements placed in
diabetes educators’ and GP’s waiting rooms; and adver-
tisements placed in state and local newspapers. Inter-
ested participants were screened by telephone or during
information sessions held at the facilities and were in-
cluded in the study once they confirmed that they had
medical clearance from their physician and were willing
to participate as a fee-paying member.
Participants were excluded based on the following cri-
teria: those with uncontrolled hypertension and/or phys-
ical conditions that precluded participation in ST; a
medical condition listed in the ACSM absolute exercise
contraindications [19]; or plans to travel for four or more
consecutive weeks over the 12-month study period. For
those screened over the phone, if self-reported BMI was
between 24 and 26, a home visit was arranged to confirm
BMI status to determine eligibility. Initial sample size cal-
culations indicated that 256 participants (128 in each
intervention arm) were required to detect a difference be-
tween groups of 50-min of ST per week during the
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adoption and maintenance phases (alpha = 0.05, power =
0.80, ICC = 0.1) assuming an estimated 15 % loss to
follow-up. This was based on a continuous outcome.
However, analyses used a dichotomous outcome (sessions
per week) since the specific recommendations of the Lift
for Life®program were to undertake two supervised and
one unsupervised ST session per week. Of the interested
participants (n = 757), 613 met the full entry criteria and
318 (187 men and 131 women) agreed to participate
(Fig. 1). All participants provided informed written
consent.
Randomization
To minimise contamination, randomization was per-
formed by the project manager at the Health and Fitness
facility level in the order of receipt of organisational con-
sent. Block randomization was conducted by an inde-
pendent researcher using Microsoft Excel. Participants
were able to choose which fitness centre they would
attend, however, they did not have prior knowledge of
which intervention arm the centre had been allocated to
until after they had commenced their program and base-
line measures were completed. Exercise training staff
were blinded to the group assessment.
Standard intervention
Participants in the SST intervention group (n = 156)
followed an initial eight-week program, based on the Lift
for Life program®[20]. Participants followed the Lift for
Life program®principles across all of the health centres
Fig. 1 STRONGparticipant flowchart
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involved. Twice weekly (45–60 mins) supervised group
exercise sessions were provided and participants were
encouraged to engage in one additional unsupervised ex-
ercise session per week to achieve the goal of three ST
sessions per week. Thereafter, participants were asked to
continue their twice weekly supervised and one unsuper-
vised ST sessions for an additional four months. Further
details of the program, including exercises and intensity
prescribed, are described elsewhere [20].
Enhanced intervention
In addition to the Standard Lift for Life®program, the EST
intervention group (n = 162) also received motivationally-
tailored behavioral counselling and print information. This
included instructional newsletters at 2-, 4- and 6-months,
covering tips on overcoming barriers to physical activity,
motivation and providing variety in training; motivational
incentives (at 0- and 2-months), including a sports bag,
drink bottle; and behavioral telephone counselling based
on principles of the stage of readiness for behavior change
[11] and SCT [16]. Telephone counselling was conducted
regularly (progressing from weekly, to fortnightly, to
monthly to bi-monthly) for 6-months by a psychology-
qualified researcher. In each counselling session, partici-
pants’ stage of change for ST was determined as well as
their physical activity beliefs, barriers, motivations and
goals. Counselling was then tailored to the participants’
stage of change, with on-going assessment of progression
towards goals and the provision of encouragement and
assistance (i.e. promoting self-efficacy and rewards/
incentives) in overcoming barriers to physical activity.
Measures
All measures were undertaken by trained research staff
and were performed at baseline, 6- and 12-months, un-
less stated.
ST adoption and maintenance
ST participation was assessed at 2-, 4-, 6-, and 12-
months using a modified version of the CHAMPS in-
strument, a reliable and valid self-report, self-completion
survey of physical activity for older adults [21, 22]. The
CHAMPS instrument was modified by only including
questions specific to ST. Further, the questions in the
modified version specified the context of the ST (super-
vised and un-supervised) as well as the setting (gym or
home) in which it was undertaken. In accordance with
the recommended goals of the Lift for Life®program
adoption was defined as undertaking three or more
weekly ST sessions at each of the assessments during the
first 6-months and maintenance was defined as complet-
ing three or more sessions at each of the assessments
until 12-months.
Anthropometric and glycemic assessments
Blood samples were collected at a local pathology centre
for the determination of glycated haemoglobin levels
(HbA1c). One pathology service with multiple collection
centres was used for all HbA1c analyses. HbA1C was
assessed using the Roche Tina-quant Hemoglobin A1c
Gen 2 method performed on a Roche Integra 800. An-
thropometric measurements, including body weight and
height were assessed at 2-, 4-, 6-, and 12-months using
standardized protocols [23].
Muscle strength
Under the supervision of a trainer, muscle strength of
the upper body (chest/shoulders) and lower body (quad-
riceps) was assessed using the three-repetition maximum
strength (3-RM) [24] test for the bench press and leg
press, respectively. The 3-RM is the heaviest weight that
an individual can complete three repetitions for each exer-
cise whilst maintaining correct form. Both these exercises
have been used frequently in the literature to provide an in-
dication of strength in the large muscle groups of the body
(e.g. pectorals, bench press; quadriceps, leg extension).
Demographic characteristics and leisure-time physical
activity (LTPA)
Age, sex, current medication use (dose, frequency, dur-
ation and reason for the prescription), education, em-
ployment status and smoking status were assessed using
a self-report survey. A modified version of the Active
Australia Survey [25], a widely used self-report measure
with acceptable reliability and validity [26], was used to as-
sess changes in overall LTPA at 2-, 4-, 6-, and 12-months.
The Active Australia Survey was modified by asking par-
ticipants to report their LTPA excluding strength training.
Statistical analysis
Statistical analyses were conducted using SPSS software
version 19.0 and Stata statistical software release 12.0
(Stata College Station, TX). Analyses were undertaken
for the pooled sample and separately for those with and
without T2DM. A binary outcome was defined as adher-
ence to the recommended guideline (performing≥ 3 ST
sessions per week), which was analyzed using a random
effects logistic regression with a fixed effects of time,
group, interaction effect between time and group and
controlling for age, sex, presence of T2DM (pooled ana-
lysis) at baseline and BMI. The outcome measures of
HbA1c, upper and lower body muscle strength, weight,
and LTPA were analyzed as continuous variables using a
normal linear mixed model fixed effects of time, group
and a group-by-time interaction controlling for age, sex,
presence of T2DM (pooled analysis) and BMI. Weight
was not adjusted for BMI as weight and BMI were highly
correlated (correlation = 0.81). In the pooled and T2DM
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analyses, HbA1c was further adjusted for type of medi-
cation and change in medication from baseline to
post-intervention. Both the random effects logistic and
normal linear mixed models included random effects
associated with both the clusters (fitness centres) and
the units of analysis (participants) to take the clustered
structure of the data into account and to allow the
residuals associated with the longitudinal measures on
the same unit of analysis to be correlated. LTPA (mi-
nutes per week) was calculated by summing the time
spent in walking and moderate activity and twice the
time spent in vigorous activity (not including garden-
ing and yard work) [25]. Data were truncated at
1680 min per week. This variable was transformed by
the natural log to yield normally distributed residuals.
For this variable, results were reported as percent
change.
Estimated interactions were presented as the net abso-
lute or percent difference in change between the EST
and the SST group. For adherence, the size of the ran-
dom effects were reported as the median odds ratio to
indicate how large the variation was between two ran-
domly chosen participants from both the same fitness
centre and a different fitness centre [27]. The analyses
used the intention to treat principle, with participants
analysed according to the initial randomized assign-
ments. The last observation carried forward method was
implemented to impute missing data of covariates only.
Results
A total of 38 participants (SST, n = 19; EST, n = 19) with-
drew from the study during the adoption phase (0-6
months). A further five participants (SST, n = 1; EST, n = 4)
withdrew during the maintenance phase (6-12 months).
Reasons for withdrawal are provided in Fig. 1. Data from a
total of 318 participants was included in the final analyses.
With the exception of HbA1c levels and the proportion of
participants taking hypoglycemic medication, which were
higher in the EST group, no other between-group differ-
ences were observed at baseline (Table 1).
ST Adoption and maintenance
Pooled analysis
In the adoption phase, 127 (40 %) participants completed
3 sessions of ST per week (SST, n = 49; EST, n = 78). The
odds ratio (OR) of adopting ST were 3.3 times (95 % CI
1.2 to 9.4) higher for participants in the EST compared to
SST group. At 12-months, the number of participants
maintaining ST (3 sessions/week) was reduced to 47
(15 %; SST, n = 15; EST, n = 32), with the OR of maintain-
ing the program greater (but not significant) for the EST
compared to SST group (OR 2.0, 95 % CI 0.6 to 6.5)
(Fig. 2). The median odds ratio (MOR) of adherence be-
tween two randomly selected participants from the same
Table 1 Descriptive characteristics of the Standard and
Enhanced strength training groups at baseline
Standard Enhanced
N 156 162
Women, n (%) 90 (58 %) 97 (60 %)
Age (years) 55.5± 8.6 56.3± 8.7
Diagnosed type 2 diabetes, n (%) 49 (31 %) 68 (42 %)
Current Smokers, n (%) 5 (3) 8 (5 %)
Education
Did not complete high school, n (%) 26 (17 %) 24 (15 %)
Completed high school, n (%) 30 (20 %) 32 (21 %)
Technical/trade qualification, n (%) 19 (12 %) 23 (15 %)
University/tertiary, n (%) 77 (51 %) 77 (49 %)
Employment status
Full time, n (%) 59 (48 %) 54 (43 %)
Part time, n (%) 42 (34 %) 33 (26 %)
Home duties, n (%) 3 (3 %) 5 (4 %)
Retired, n (%) 11 (9 %) 21 (17 %)
Other, n (%) 7 (6 %) 12 (10 %)
Anthropometry
Height (cm) 167.5± 8.7 166.2± 10.0
Weight (kg) 93.4± 17.3 93.1± 19.5
BMI (kg/m2) 33.2± 5.4 33.7± 6.7
HbA1c (%) ª 6.0± 0.7 6.3± 1.0*
Muscle strength
Upper body (kg) b 27± 16 29± 14
Lower body (kg) c 109± 52 117± 50
Leisure-time physical activity (mins/week) d 205± 237 198± 259
Medication
Oral hypoglycemic medication use, n (%) 21 (14 %) 43 (27 %)*
Insulin use, n (%) 2 (1 %) 2 (1 %)
Both, n (%) 7 (5 %) 4 (3 %)
Change in medication during between 0–6
months
Increased, n (%) 1 (4 %) 6 (13 %)
Decreased, n (%) 3 (12 %) 2 (4 %)
Same, n (%) 21 (84 %) 38 (83 %)
Change in medication during between 6–12
months
Increased, n (%) 3 (17 %) 4 (10 %)
Decreased, n (%) 0 (0 %) 3 (8 %)
Same, n (%) 15 (83 %) 33 (82 %)
Data are n (%) or means± Standard deviation
*p < 0.05 compared to Standard ST group
ª 8 participants were missing their baseline HBA1c levels
b5 participants were missing their baseline upper body muscle strength scores
c13 participants were missing their baseline lower body muscle strength scores
d16 participants were missing their baseline leisure-time physical
activity scores
Teychenne et al. International Journal of Behavioral Nutrition and Physical Activity  (2015) 12:105 Page 5 of 9
leisure centre was 1.7 (95 % CI 1.4 to 2.1). The MOR
between two randomly selected participants from two dif-
ferent centres was 1.8 (95 % CI 1.5 to 2.3). The between-
persons variation in adherence odds was of the same order
of magnitude as the intervention effect, indicating that the
intervention effect was quite substantial.
Stratified analyses
In those with T2DM, the odds of adopting ST were
higher for the EST group relative to the SST group (OR
8.2, 95 % CI 1.5 to 45.5). In those without T2DM, the
odds of adopting ST were higher for the EST group but
this was not significant (OR 2.7, 95 % CI 0.9 to 7.9). No
significant differences between groups were observed
during the maintenance phase in those with T2DM and
those without T2DM.
Changes in glycemic control
Pooled analysis
Relative to baseline, HbA1c did not change in the SST
group but decreased in the EST group during the adop-
tion phase (0–6 months), which resulted in a significant
group-by-time interaction and net difference for the
change of -0.13 % (P< 0.05) (Table 2). At 12-months
there was a greater reduction in HbA1c in the EST
group compared with the SST group (-0.17 %, P< 0.05).
Similar findings were seen in models adjusted for type
and change in medication.
Stratified analyses
For participants with T2DM, the EST group showed a
significant reduction in HbA1c at 6-months and 12-
months. The adjusted between group differences was
-0.3 % (P< 0.05) during the adoption phase and -0.4 %
(p< 0.05) at 12-months. There were no between group
differences in HbA1c during both adoption and main-
tenance phase in participants without T2DM.
Changes in weight and BMI
Pooled analysis
For weight and BMI, there were similar significant re-
ductions in both groups relative to baseline after the
adoption phase, but at 12-months the EST group experi-
enced a greater reduction in weight compared to the
SST group (group-by-time interaction, P< 0.05).
Stratified analyses
Among participants with T2DM, the adjusted between-
group differences at 6-months approached significance
(-0.9 kg, P= 0.08) for weight. Similarly at 12-months
there was a greater reduction in weight (-1.6 kg, p<
0.01) and BMI (-0.6 kg/m2, p< 0.05) in the EST group.
No between group differences in weight were observed
during adoption or maintenance phase for participants
without T2DM.
Changes in muscle strength and LTPA
Pooled analysis
There was an increase in upper body strength (bench
press) (9.7 kg, 95 % CI: 8.2 to 11.2) in the SST group
and in the EST group (8.8 kg, 95 % CI: 7.3 to 10.3) dur-
ing the adoption phase. Significant increases were also
seen in the lower body muscle strength (leg press) dur-
ing the adoption phase (37.8 kg, 95 % CI: 30.9 to 44.7)
in the SST group and (37.3 kg, 95 % CI: 30.5 to 44.0) in
the EST group. These benefits were maintained at 12-
months from baseline. However, from baseline to 12-
months the change in upper body muscle strength was
Favoring Enhanced ST
Fig 2 Forrest plot showing odds ratio of adherence to strength training at 2-, 4-, 6- and 12- months*. * based on the mixed model with random
effects; Adherence= ≥3 sessions per week. ‡ p < 0.05 difference between the Enhanced and Standard ST group
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lower in the EST group compared to the SST group (net
difference, -2.6 kg, 95 % CI: -4.7 to -0.3). The results for
all outcomes remained unchanged after adjusting for
time spent in LTPA. There were no significant between-
group differences in LTPA.
Stratified analyses
There was a significant increase in upper and lower body
strength and LTPA within the SST and EST groups at 6-
and 12-months from baseline for participants both with
and without T2DM. However, no significant between
group changes from baseline were observed in upper
body strength, lower body strength and LTPA during the
adoption or the maintenance phase for participants with
T2DM and participants without T2DM.
Discussion
A community-based EST program undertaken by
overweight adults and those with T2DM that included
additional support such as instructional newsletters,
motivational incentives and behavioral telephone counsel-
ling was more effective for the adoption, but not the main-
tenance, of ST. Furthermore, in those with T2DM, the
EST program led to small, but significantly greater im-
provements in glycemic control and a modest change in
body weight relative to the SST program at 12-months. In
contrast, there were no differences for the change in lower
body muscle strength between the two groups during ei-
ther phase.
The finding that the EST program incorporating
motivationally-tailored behavioral counselling and print
information significantly increased adoption to the ST
program is consistent with previous studies that have
shown favourable results in terms of physical activity
participation in the early or initiation phases [28].
Notwithstanding the potential limitation of having insuf-
ficient power in the current study to detect differences
in maintenance, it could also be speculated that since
the maintenance period included minimal contact (i.e.
phone calls and incentives were discontinued after the
initial 6-month adoption phase) [28], it is possible that
ST had not become habitual. Indeed, providing add-
itional follow-up contact and prompts beyond 6-months
may be necessary for achieving long-term maintenance
in physical activity interventions [17, 29].
Another potential explanation for the findings for
maintenance may relate in part to the theoretical frame-
work used to develop intervention strategies. SCT posits
that personal factors (e.g. self-efficacy and outcome ex-
pectations) and environmental factors (e.g. social sup-
port, environmental supports) predict physical activity
behavior change [16]. However, this theory has been crit-
icized for its lack of distinction between factors such as
self-efficacy and social support that promote adoption,
and those that promote maintenance of behavior change
[17]. Previous research has suggested that self-efficacy
and outcome expectations are more important for be-
havioral adoption, whilst social support is more import-
ant for behavioral maintenance [17]. However, the
current study utilized behavioral telephone counselling
(social support) during the adoption phase but not dur-
ing the maintenance phase. Thus, it may be that such
support strategies needed to be continued or switched
for other forms of behavioral support such as text mes-
saging or emails in order to enhance the maintenance of
ST.
Recent meta-analyses of randomized controlled trials
investigating the effects of resistance training on HbA1c
levels in adults with T2DM or obesity-related impaired
glucose metabolism reported mean absolute reductions
Table 2 Estimated mean net difference between the Standard and Enhanced strength training groups following the adoption and
maintenance phases and after 12 months
Adjusted estimated mean net difference for the
change between the enhanced and standard ST
group (95 % CI) – pooled data
Adjusted estimated mean net difference for the change
between the enhanced and standard ST group (95 % CI)
for participants with T2DM
Adoption Maintenance Adoption Maintenance
Outcome variables 0–6 month 6–12 months 0–12 months 0–6 month 6–12 month 0–12 month
change
HbA1c (%) −0.13 (-0.26, -0.01) ‡ −0.04 (-0.18, 0.10) −0.17 (-0.30, -0.05) ‡ −0.3 (-0.6, -0.004) ‡ −0.1 (-0.5, 0.2) −0.4 (-0.7, -0.1) ‡
BMI (kg/m2) −0.1 (-0.3, 0.1) −0.3 (-0.5, -0.1) ‡ −0.4 (-0.6, -0.2) ‡ −0.3 (-0.6, 0.1) −0.3 (-0.7, 0.1) −0.6 (-0.9, -0.2) ‡
Weight (kg) −0.3 (-0.9, 0.3) −0.7 (-1.4, -0.1) ‡ −1.0 (-1.6, -0.4) ‡ −0.9 (-1.9, 0.1) −0.7 (-1.8, 0.3) −1.6 (-2.6, -0.6) ‡
Upper body strength (kg) −0.9 (-3.0, 1.3) −1.6 (-4.0, 0.7) −2.6 (-4.7, -0.3) ‡ −1.7 (-5.3, 2.0) −1.9 (-6.1, 2.3) −3.6 (-7.5, 0.4)
Lower body strength (kg) −0.5 (-10.2, 9.1) −0.9 (-11.4, 9.6) −1.4 (-11.6, 8.8) −3.9 (-20.9, 13.1) 0.2 (-18.4, 18.8) −3.7 (-22.0, 14.6)
Leisure-time physical activity
(%)
38 (-10, 110) −18 (-48, 29) 13 (-27, 74) 39.9 (-36.1, 206.5) −26.1 (-68.7, 74.8) 3.3 (-55.0, 137.4)
Data are mean net difference (95 % CI). Mean estimated net difference for the change between groups represents the within-group change in the Enhanced
group minus the within-group change in the Standard group, adjusted for confounders
‡p < 0.05 group-by-time interaction for the between-group difference for the change relative to baseline or 6 -months
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in HbA1c in the magnitude 0.48 to 0.60 % relative to
controls [30, 31]. The HbA1c change observed in our
study in those with T2DM was comparable to what was
observed in four of the 10 studies included in the meta-
analysis and is similar to the differences we have previ-
ously reported following centre-based ST for 14 months
in people with T2DM [2]. From a clinical perspective,
this represents a small absolute change; however, it is
important to acknowledge that in contrast to the SST
program, the EST intervention was effective for preventing
a deterioration in glycemic control during the 12-month
study period, which is consistent with our previous investi-
gation after 6-months of gymnasium-based followed by 6-
months home-based training in individuals with T2DM
[32]. Furthermore, a recent meta-analysis [33] found that
structured exercise training of more than 150 min per
week was associated with greater HbA1c declines than that
of 150 min or less per week. Thus, it is possible that the re-
duced adherence to the recommendations of three or more
sessions per week during the maintenance phase may have
lessened the impact of the intervention on glycemic con-
trol due to the consequent reduction in overall training
volume (amount of weight lifted/number of repetitions
and sets performed per week) during this phase.
Key strengths include the cluster randomized design,
the duration of the observation period and the focus on
a community-based intervention setting. Since very little
research has been conducted on the long-term effective-
ness, retention and adherence of ST programs in over-
weight adults or those with T2DM [34] these findings
provide important new insights to inform the practical-
ities, sustainability and viability of methods to safely im-
plement ST programs at the population level. Alterations
in medication dosage in those with T2DM during the
intervention may have altered the ability to detect changes
in glycemic control produced by strength training, how-
ever, changes in medication, as reflected by self-report of
the addition or removal of medication, were similar be-
tween groups, and the results were still evident after ad-
justment for medication changes. Other limitations relate
to the use of self-report measures of resistance training
and LTPA, which may be subject to bias and recall diffi-
culties and the absence of specific measures of fat and
muscle mass. Finally, adverse events were not documented
throughout the study.
In summary, an EST program incorporating
motivationally-tailored behavioral strategies was more
effective than a SST program for the adoption of ST
over an initial 6-month period in a community-based
health and fitness facility, in overweight adults and
those with T2DM. Additionally, the initial 6-month EST
program led to significant, albeit modest improvements in
glycemic control compared to the SST program, which
was maintained following the maintenance phase. This
finding, combined with the reduced adherence to ST rec-
ommendations during the maintenance phase, suggests
that further research is needed to determine the factors
that can optimize long-term exercise adherence in the
community setting in this population and enhance the
training-induced changes in glycemic control.
Competing interests
The authors declare that they have no competing interests.
Authors’contribution
DD conceived the study with input from KB, JS, DC, RD; all of these authors
provided intellectual input into the development of the intervention,
measures, data management and analytic approach. DD, KB, JSoversaw/
supervised research staff/data collection. MT led the writing of the
manuscript. PSconducted statistical analyses. MJ coordinated the project
and helped develop research methodology and protocols. All authors
contributed to interpreting results and reviewing/revising the manuscript. All
authors read and approved the final manuscript.
Acknowledgements
This work was supported by National Health and Medical Research Council
(NHMRC) Project Grant (NHMRC #431203). DD is supported by an Australian
Research Council Future Fellowship (FT100100918). KB is supported by a
NHMRC Principal Research Fellowship, APP1042442. JSis supported by a
NHMRC Principal Research Fellowship, APP1026216. This work was supported
by an OISgrant from the Victorian State Government, Australia. The contents
of this manuscript are the responsibility of the authors and do not reflect the
views of the NHMRC.
Author details
1Deakin University, Centre for Physical Activity and Nutrition Research, School
of Exercise and Nutrition Sciences, Melbourne, Victoria, Australia. 2Baker IDI
Heart and Diabetes Institute, Melbourne, Australia. 3School of Sport Science,
Exercise and Health, The University of Western Australia, Perth, Australia.
4Cancer Prevention Research Centre, School of Population Health, The
University of Queensland, Brisbane, Australia. 5Department of Epidemiology
and Preventive Medicine, Monash University, Melbourne, Australia.
Received: 20 January 2015 Accepted: 14 August 2015
References
1. Dunstan DW, Daly RM, Owen N, Jolley D, De Courten M, Shaw J, et al. High-
intensity resistance training improves glycemic control in older patients
with type 2 diabetes. Diabetes Care. 2002;25(10):1729–36.
2. Dunstan DW, Vulikh E, Owen N, Jolley D, Shaw J, Zimmet P. Community
center-based resistance training for the maintenance of glycemic control in
adults with type 2 diabetes. Diabetes Care. 2006;29(12):2586–91.
3. Smutok MA, Reece C, Kokkinos PF, Farmer C, Dawson P, Shulman R, et al.
Aerobic versus strength training for risk factor intervention in middle-aged
men at high risk for coronary heart disease. Metabolism. 1993;42(2):177–84.
4. Colberg SR, Albright AL, Blissmer BJ, Braun B, Chasan-Taber L, Fernhall B,
et al. Exercise and type 2 diabetes: american college of sports medicine and
the american diabetes association: joint position statement. Exercise and
type 2 diabetes. Med Sci Sports Exerc. 2010;42(12):2282–303.
5. Australian Bureau of Statistics. Physical activity in Australia: a snapshot,
2007–08 volume Cat no: 4835.0.55.001. Canberra: Australian Bureau of
Statistics; 2011.
6. Magliano DJ, Barr EL, Zimmet PZ, Cameron AJ, Dunstan DW, Colagiuri S,
et al. Glucose indices, health behaviors, and incidence of diabetes in
Australia: the Australian diabetes, obesity and lifestyle study. Diabetes Care.
2008;31(2):267–72.
7. Morrato EH, Hill JO, Wyatt HR, Ghushchyan V, Sullivan PW. Physical activity
in U.S. adults with diabetes and at risk for developing diabetes. Diabetes
Care 2007. 2003;30(2):203–9.
8. Armstrong T, Bauman A, Davies D. Physical activity patterns of Australian
adults. Results of the 1999 national physical activity survey. Canberra:
Australian Institute of Health and Welfare; 2000.
Teychenne et al. International Journal of Behavioral Nutrition and Physical Activity  (2015) 12:105 Page 8 of 9
9. Hume C, Dunstan D, Salmon J, Healy G, Andrianopoulos N, Owen N. Are
barriers to physical activity similar for adults with and without abnormal
glucose metabolism?Diabetes Educ. 2010;36(3):495–502.
10. Miller YD, Dunstan DW. The effectiveness of physical activity interventions
for the treatment of overweight and obesity and type 2 diabetes. J Sci Med
Sport. 2004;7(1 Suppl):52–9.
11. Prochaska JO, DiClemente CC. Stages and processes of self-change of
smoking: toward an integrative model of change. J Consult Clin Psychol.
1983;51(3):390–5.
12. King AC, Rejeski WJ, Buchner DM. Physical activity interventions targeting
older adults. A critical review and recommendations. Am J Prev Med.
1998;15(4):316–33.
13. Steptoe A, Rink E, Kerry S. Psychosocial predictors of changes in physical
activity in overweight sedentary adults following counseling in primary care.
Prev Med. 2000;31(2 Pt 1):183–94.
14. Di Loreto C, Fanelli C, Lucidi P, Murdolo G, De Cicco A, Parlanti N, et al.
Validation of a counseling strategy to promote the adoption and the
maintenance of physical activity by type 2 diabetic subjects. Diabetes Care.
2003;26(2):404–8.
15. Kirk AF, Mutrie N, Macintyre PD, Fisher MB. Promoting and maintaining
physical activity in people with type 2 diabetes. Am J Prev Med.
2004;27(4):289–96.
16. Bandura A. Social foundations of thought and action: A social cognitive
theory. Englewood Cliffs: Prentice-Hall; 1986.
17. Rothman AJ. Toward a theory-based analysis of behavioral maintenance.
Health Psychol. 2000;19(1 Suppl):64–9.
18. Field AE, Coakley EH, Must A, Spadano JL, Laird N, Dietz WH, et al. Impact of
overweight on the risk of developing common chronic diseases during a
10-year period. Arch Intern Med. 2001;161(13):1581–6.
19. American College of Sports Medicine. ACSM’Sguidelines for exercise testing
and prescription. 6th ed. Philadelphia: Lippincott Williams & Wilkins; 2000.
20. Minges KE, Cormick G, Unglik E, Dunstan DW. Evaluation of a resistance
training program for adults with or at risk of developing diabetes: an
effectiveness study in a community setting. Int J Behav Nutr Phys Act.
2011;8:50.
21. Stewart AL, Mills KM, King AC, Haskell WL, Gillis D, Ritter PL. CHAMPS
physical activity questionnaire for older adults: outcomes for interventions.
Med Sci Sports Exerc. 2001;33(7):1126–41.
22. Harada ND, Chiu V, King AC, Stewart AL. An evaluation of three self-report
physical activity instruments for older adults. Med Sci Sports Exerc.
2001;33(6):962–70.
23. Norton K, Olds T. Anthropometrica. Sydney: University of New South Wales
Press; 1996.
24. Baechle TR, Earle RW. Essentials of strength training and conditioning. 3rd
ed. Champaign: IL Human Kinetics; 2008.
25. Australian Institute of Health and Welfare. The Active Australia Survey: A
guide and manual for implementation, analysis and reporting. Canberra:
Australia Canberra: Australian Institute of Health and Welfare; 2003. p. 2–4.
26. Brown W, Bauman A, Timperio A, Salmon J, Trost S. Measurement of adult
physical activity: Reliability, comparison and validity of self-report surveys:
Summary and recommendations. Canberra, Australia: Department of Health
and Ageing; 2002. p. 1–13.
27. Larsen K, Petersen JH, Budtz-Jorgensen E, Endahl L. Interpreting parameters
in the logistic regression model with random effects. Biometrics.
2000;56(3):909–14.
28. Marcus BH, Williams DM, Dubbert PM, Sallis JF, King AC, Yancey AK, et al.
Physical activity intervention studies: what we know and what we need to
know: a scientific statement from the american heart association council on
nutrition, physical activity, and metabolism (subcommittee on physical
activity); council on cardiovascular disease in the young; and the
interdisciplinary working group on quality of care and outcomes research.
Circulation. 2006;114(24):2739–52.
29. Fjeldsoe B, Neuhaus M, Winkler E, Eakin E. Systematic review of
maintenance of behavior change following physical activity and dietary
interventions. Health Psychol. 2011;30(1):99–109.
30. Strasser B, Siebert U, Schobersberger W. Resistance training in the treatment
of the metabolic syndrome: a systematic review and meta-analysis of the
effect of resistance training on metabolic clustering in patients with
abnormal glucose metabolism. Sports Med. 2010;40(5):397–415.
31. Chudyk A, Petrella RJ. Effects of exercise on cardiovascular risk factors in
type 2 diabetes: a meta-analysis. Diabetes Care. 2011;34(5):1228–37.
32. Dunstan DW, Daly RM, Owen N, Jolley D, Vulikh E, Shaw J, et al. Home-
based resistance training is not sufficient to maintain improved glycemic
control following supervised training in older individuals with type 2
diabetes. Diabetes Care. 2005;28(1):3–9.
33. Umpierre D, Ribeiro PA, Kramer CK, Leitao CB, Zucatti AT, Azevedo MJ, et al.
Physical activity advice only or structured exercise training and association
with HbA1c levels in type 2 diabetes: a systematic review and meta-analysis.
JAMA. 2011;305(17):1790–9.
34. Eves ND, Plotnikoff RC. Resistance training and type 2 diabetes:
Considerations for implementation at the population level. Diabetes Care.
2006;29(8):1933–41.
Submit  your next  manuscript  to BioMed Cent ral
and take full advantage of : 
•  Convenient  online submission
•  Thorough peer review
•  No space const raints or color fi gure charges
•  Immediate publicat ion on acceptance
•  Inclusion in PubMed, CAS, Scopus and Google Scholar
•  Research w hich is f reely available for redist ribut ion
Submit  your manuscript  at  
www.biomedcent ral.com/submit
Teychenne et al. International Journal of Behavioral Nutrition and Physical Activity  (2015) 12:105 Page 9 of 9
